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Introduction
This past summer, I was able to participate in research at Mercer
University’s College of Pharmacy. The research we conducted aimed to
characterize “off-target” activity of cocaine-like, synthetic cathinone
psychostimulant drugs of abuse, also known as “bath salts.” The
objective was to elucidate pharmacological properties that might
contribute to their propensity to induce cardiac and psychiatric adverse
events, e.g., tachycardia and excited delirium (delusions, hallucinations,
memory impairment). Synthetic cathinones are drugs that have
historically been characterized as monoamine, e.g. dopamine,
transporter inhibitors. However, tachycardia and delirium can be caused
by high doses of muscarinic receptor (MR) antagonists (e.g.,
scopolamine)—We tested the hypothesis that certain synthetic
cathinones have activity at MRs.
There are five types of MRs in the human body. M2Rs are densely
expressed in cardiac smooth muscle cells and act to decrease heart
rate when acetylcholine binds them. M1Rs are densely expressed in the
brain and regulate cognition (thinking, memory, perception). Our
hypothesis was that synthetic cathinones bind to and block MRs which
might contribute to their autonomic (e.g. cardiac) and central nervous
system (e.g. cognition) adverse effects. We conducted a structure-
activity relationship study, evaluating the impact of the lipophilic side-
chain length on MR activity.
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I learned how to conduct radioligand competition binding assays with 
G protein-coupled receptors, which are the targets of nearly 1/3 of all 
FDA-approved medications. These assays are performed to determine 
the affinities of compounds at receptor targets—we focused on MRs.
Radioligand Spot Checks: We performed spot checks to determine 
which drugs exhibited high affinities at the five MRs. In order to 
determine which receptors and drugs had the highest affinities, we 
needed to test each drug at each receptor labeled with the MR 
radioligand [3H]scopolamine. We performed spot checks of each drug, 
using concentrations of 1 μM and 10 μM at each of the five receptors.
Radioligand Competition Binding Assays: We performed full 
dose-response, M2R and M1R competition binding assays with selected 
drugs, based on hits (drugs that had MR affinity) from the spot 
checks. Standard assay buffer was used for determining total binding, 
and atropine (a high affinity MR antagonist, used clinically to treat 
bradycardia) was used as to define non-specific binding and was used 
as a positive control. The affinities of each drug were determined 
based on calculations from results of micro-scintillation (radiation 
level) counting (MicroBeta2, Perkin Elmer) using GraphPad 8.0 
software.

We conducted pharmacological, discovery-based research
focused on a class of psychoactive drugs of abuse called synthetic
cathinones, colloquially known as “bath salts.” Synthetic
cathinones are drugs that have historically been considered to act
solely by targeting monoamine transporters, such as the dopamine
transporter, however, some of these drugs, such as α-PVP or
“flakka”, appear to produce adverse physiological responses that
are distinct from other monoamine transporter-targeting drugs,
such as methylphenidate or Ritalin®. Because adverse events of
certain “bath salts,” e.g., tachycardia and delirium—including
hallucination and delusions—mimic effects caused by high doses
of muscarinic receptor (MR) antagonists (e.g., scopolamine), we
tested the hypothesis that they have anticholinergic activity. We
evaluated 10 pyrrolidine-containing synthetic cathinones (Tables 1
and 2): α-PPP, α-PBP, α-PVP, α-PHP, α-PHPP, MDPPP, MDPBP,
MDPV, MDPHP, MDPHPP. During my time in the lab, I learned
how to safely conduct radioligand binding assays with G protein-
coupled receptors, which are the targets of nearly 1/3 of all FDA-
approved medications. These assays are performed to determine
the affinities of compounds at receptor targets, a first step in
determining mechanism of action of novel medication candidates
or drugs of abuse. By helping to conduct this research, I was
better able to understand the physiological effects drugs have on
us. At the end of the summer, the team I was working with was
about to begin testing the effects of the drugs in vivo. This summer
allowed me to learn new research techniques that are currently
being used in drug discovery and development. Conclusions

Accolades
• The complete project was recently published in ACS Chemical 

Neuroscience, https://pubs.acs.org/doi/10.1021/acschemneuro.0c00008
and was a recommended article in F1000Prime. It was rated 
“Exceptional” by Professor Olive of Arizona State University, and was 
classified under “Interesting Hypothesis,” “Novel Drug Target,” and “New 
Finding.” 

• Olive M: F1000Prime Recommendation of [Chen Y and Canal CE, ACS Chem 
Neurosci 2020 11(6):960-968]. In F1000Prime, 31 Mar 2020; 
10.3410/f.737403647.793572691 

• Collectively, we found that α-PHP and α-PV8, with extended lipophilic
side chains and lacking a methylenedioxy moiety, exhibit physiologically-
relevant affinities at M2Rs.

• We also found that α-PHP is an M2R and M1R antagonist, which could
contribute to its adverse effects.

Scaffold of Pyrrolidine Synthetic Cathinones that We
Tested for Activity at Acetylcholine Muscarinic
Receptors (MRs). We found that increasing the alpha-
carbon chain length (R), increased the affinity at M1Rs
and M2Rs. α-PHP, which has a four carbon alkyl chain,
had the highest affinity at MRs.

Methods and Analyses

Results

Challenges
• I had to learn a great wealth of information in a short period of time.
• It was difficult, at times, to express muscarinic receptors in cells.  
• We had to overcome issues with radioligand not binding adequately.
• I had to practice being patient when something went wrong.

Scaffold of Methylenedioxy-containing Pyrrolidine 
Synthetic Cathinones that We Tested for Activity at 
Acetylcholine Muscarinic Receptors (MRs). We found 
that the bulky methylenedioxy group (circled in green) 
substantially reduced affinity at MRs.

Figure 1. I learned how to perform radioligand competition binding assays 
that are used to determine affinities of compounds for targets, such as 
receptor proteins in our bodies. This figure shows the results of one my 
experiments. Specifically, it shows that α-PVP has lower affinity at M2R than 
the anti-muscarinic drug, atropine. This is illustrated by the higher 
concentration of α-PVP it takes to displace binding of radioligand. Still, this 
experiment showed that α-PVP has activity at M2R; if it didn’t, the 
concentration-response curve would be a flat line across all concentrations. 

Figure 2. This figure shows the results of an additional radioligand 
competition binding assay testing the affinity of the drugs α-PHP and PV8 at 
M2R. It shows that these two drugs have even greater affinity for M2R than the 
initial drugs that we tested.
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